The onset of myalgia is a well-known side effect of cholesterol-lowering statins. Recent studies advanced the hypothesis that reduced vitamin D levels may play a role in the onset of myalgia in statin users and potentially a vitamin D supplementation may be useful in these cases, as suggested by the present case report. A 52-year-old man with a history of smoke and successfully controlled hypertension presented with chest pain and asthenia. He was diagnosed with stable angina pectoris and discharged on atorvastatin. Due to the onset of myalgia, the dosage of atorvastatin was reduced (from 40 mg daily to 20 mg daily) and then atorvastatin was switched to rosuvastatin without symptoms improvement. Switching from rosuvastatin to ezetimibe resulted in pain improvement, but also in plasma lipids increase beyond the normal range. 
INTRODUCTION
Treatment guidelines recommend LDL cholesterol lowering with statins as the primary means of cardiovascular risk reduction [1] . However, there is concern about the safety and tolerability of high-dose statin therapy. Indeed, adverse effects (AEs) on muscle (myopathy and, rarely, rhabdomyolysis) and liver (increased transaminases), while rare at standard doses, vary between statins and increase at higher doses [2] .
We report the development of myalgia during statin treatment in a patient with low vitamin D levels, that improved after vitamin D supplementation. 
Why we describe this case

CASE REPORT
In December 2012 a 52-year-old man presented with effort chest pain and as-thenia. Electrocardiography excluded the presence of pathological ST tract, and sublingual glyceryl trinitrate improved pain in about 4 minutes. Both coronary angiography and echocardiography were performed and did not shown any pathological heart disease.
The patient was a smoker (10 cigarettes/ day from the age of 22), with a 16-year history of hypertension successfully controlled (135/85 mmHg) with valsartan plus hydrochlorothiazide (80 mg/12.5 mg/day). Clinical examinations excluded the presence of a serious cardiac or respiratory disease (e.g. acute pericarditis, pneumonia, aortic dissection, acute coronary syndrome, Prinzmetal's angina) as well as gastroesophageal reflux. Blood chemical test performed at the admission and 6 hours later documented normal levels of cardiac troponin-I, troponin-T, creatinphosphokinase (CPK), CPK-myocardial band, thyroid-stimulating hormone and free thyroxine (Table I) .
Routine blood assays documented high levels of cholesterol, LDL and triglycerides, whereas HDL cholesterol was low (Table I) . The evaluation of urinary catecholamines revealed normal values (Table I) . A diagnosis of stable angina pectoris was postulated and the patient was discharged on atorvastatin 40 mg/day. About 3 months later, during the followup, blood chemical tests revealed a decrease in plasma lipids, but the patient referred the onset of myalgia (visual analogue pain score, VAS = 8).
The clinical history revealed that no other drugs or other substances were taken during this period; moreover, the patient didn't perform job or physical activity that could be responsible for the muscular pain.
Physical examination documented a diffuse, reproducible pain with palpation or manipulation of upper and lower extremities without evidence of joint effusion or redness. Doppler ultrasound excluded the presence of peripheral vascular diseases, while laboratory findings excluded the presence of hepatic, renal or gastrointestinal diseases. Naranjo probability scale [3] documented a possible association between statin and muscular pain, therefore the dosage of ator- vastatin was reduced to 20 mg/day. About one week later the patient came back for the persistence of muscular pain (VAS = 8), self treated with non-steroidal antinflammatory drugs, and atorvastatin (20 mg/day) was switched to rosuvastatin (10 mg/day). Three months later, at the follow-up, biochemical tests revealed high levels of CPK and the patient complained about an intense pain (VAS = 8; Table I ), therefore rosuvastatin was stopped and ezetimibe (10 mg/day) was started. After three additional months, at the follow-up, the patient showed an improvement in muscular pain (VAS = 3), but laboratory analysis revealed an increase in plasma lipids (Table I) .
Therefore, ezetimibe was stopped and rosuvastatin (20 mg/day) was started; a normalization of biochemical values occurred in three weeks, but with the onset of muscular pain (VAS = 5). In order to reduce the pain, a treatment with ibuprofen (600 mg daily) + pregabalin (75 mg daily) was prescribed and plasma vitamin D levels were evaluated.
Using a reversed phase (C18) High-Performance Liquid Chromatography system (HPLC; UV detector 265 nm, limit of detection 1.5 ng/ml; intra-assay and inter-assay coefficients of variation for control: 8%), we documented low levels of 25-hydroxyvitamin D and of 1-25-dihydroxy-vitamin D (Table I ). Clinical evaluation revealed that low plasma vitamin D levels were related to inadequate vitamin D intake, and a daily treatment with cholecalciferol (Vitamin D 3 , 1600 IU daily) taken during a fatcontaining meal was prescribed and after 1 week the patient referred an improvement of muscular pain (VAS = 4), ibuprofen was dismissed and the patient was maintained on treatment with vitamin D 3 + rosuvastatin + pregabalin.
Two months later, the patient referred an improvement of pain (VAS = 3) and laboratory findings revealed a decrease of plasma lipid levels and an increase in both 25-hydroxy-vitamin D (22 ng/ml) and 1-25-dihydroxy-vitamin D (25 ng/ml). Pregabalin was dismissed and 6 months later the patient referred the absence of muscular pain, while laboratory tests revealed a normalization of plasma lipids. Rosuvastatin was changed to atorvastatin (20 mg/day) and cholecalciferol dosage was decreased (800 mg daily).
Six months later (December 2014), during the follow-up, laboratory findings revealed normal levels of both lipids and vitamins D, therefore cholecalciferol dosage was reduced to 400 IU daily.
To date, on March 2015, the patient is on atorvastatin therapy (20 mg/day) and on vitamin D supplementation (cholecalciferol 400 IU daily), laboratory findings are in normal range and no side effects are recorded (Figure 1 ).
DISCUSSION
We report the improvement of statin-induced myalgia through vitamin D supplementation.
Previously, we documented that drugdrug interaction is common during drug treatment [4, 5] and Settergren et al. [6] during a cross-sectional analysis of nationwide dispensing data documented that calcium blockers and gemfibrozil can induce a drug-drug interaction with statins, with the development of myalgia.
In the present case, myalgia appeared during the treatment with either atorvastatin or rosuvastatin, both metabolized by cytochrome P450 (CYP), CYP3A4 and CYP2C9, respectively. Our patient did not take any drug able to cause a CYP inhibition, therefore the drug-drug interaction was ruled out. Moreover, musculoskeletal pain occurred after the beginning of atorvastatin therapy and increased in a timedependent manner. The decrease of atorvastatin dosage (from 40 to 20 mg) and then the switch to rosuvastatin (10 mg) did not improve muscular pain. Clinical and laboratory assays confirmed the myalgia and excluded the presence of systemic diseases able to induce the development of muscular disease. In agreement with our previous papers [7, 8] , using the Naranjo score, we documented a probable association between statins and clinical symptoms. Therefore, following guidelines recommendations [1] , rosuvastatin was changed to ezetimibe with a decrease of muscular pain but with an increase in plasma lipids. The re-challenge of rosuvastatin, after the discontinuation of ezetimibe, induced the normalization of lipid levels but the development of myalgia, that was treated with pregabalin and with ibuprofen as needed.
Recently, an association between myalgia in statin treated patients and low vitamin D plasma levels has been reported [9] [10] [11] [12] .
In particular, Morioka and coworkers [9] evidenced that vitamin D plasma concentrations were significantly lower in patients with statin-associated myalgia compared with patients without muscle pain. In agreement, Michalska-Kasiczak and coworkers [10] evaluating 437 articles from 1987 to 2014 documented an association between low vitamin D levels (mean 28.4 ± 13.80 ng/ml, normal range 34.86 ± 11.63 ng/ml) and myalgia in patients on statin therapy.
In contrast, evaluating 10,001 patients with stable coronary heart disease randomized to atorvastatin 80 mg vs 10 mg daily, Bittner and coworkers in a poster presentation did not shown any relationship between vitamin D deficiency and myalgia incidence [13] .
A recent retrospective study postulated that the correction of 25-hydroxy-vitamin D levels before statin therapy initiation may mitigate the development of statin-related myalgia [14] .
Accordingly, in the present case we recorded low plasma vitamin D levels, that have probably increased the statin-muscle toxicity.
Previously, Draeger and coworkers [15] , using an electron microscope, documented, in skeletal muscle biopsies from statin-treated patients, the presence of a breakdown of the T-tubular system and subsarcolemmal rupture that were not present in muscle biopsies of non-treated-patients.
In addition, in an experimental study performed in muscles of vitamin D depleted rabbits, Pfeifer and coworkers [16] documented a decrease of ATP-dependent calcium uptake of isolated vesicles in the sarcoplasmic reticulum. Moreover, they documented that 1,25(OH) 2 D plays a role in the active transportation of calcium into sarcoplasmic reticulum and increases the intracellular levels of ATP and phosphate increasing protein synthesis.
Taken together, these data suggest that vitamin D is involved in the maintenance of normal muscle physiology and low levels of vitamin D can induce a muscle damage impairing physical symptoms during the treatment with statins.
Al-Said et al. [17] demonstrated reversible electromyographic changes, consistent with a myopathy, that subsequently resolved once the vitamin D deficits (< 20 ng/ml) were resolved.
Binkley et al. [18] , evaluating the effects of daily and once monthly dosing of ergocalciferol or cholecalciferol on circulating 25-hydroxy-vitamin D, documented that the administration of cholecalciferol is able to induce a normalization of plasma vitamin D levels at both daily and one monthly dosage.
Recently, it has been reported that the usual supplement dose for vitamin D deficiency is 1000 international units (vitamin D 3 ) daily, vitamin D 2 supplementation at doses of 50,000 international units can be given for correction [19] . However, in particular for vitamin D 2 supplementation, an increased risk of mortality for cardiovascular disease was observed [20] .
In our case low levels of vitamin D were related to inadequate intake, therefore vitamin D 3 supplementation during a fat meal and the treatment with statin induced the normalization of plasma vitamin D levels and lipid levels without the development of statin-related muscular side effects.
In agreement with the indication of Italian Agency for Drug (Agenzia Italiana del Farmaco -AIFA), in Italy rosuvastatin may be prescribed only when other statins cannot be used (second choice), therefore the absence of pain induced the change of rosuvastatin to atorvastatin 20 mg daily with a good control of blood lipids.
In conclusion, in this report we documented the improvement of muscular pain through a supplementation of vitamin D in a patient treated with statins. However, this observation should be corroborated by further studies involving large groups of patients. 
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